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(54) Title: STEEL WIRE FOR SPRING 



(54) IftefflffliSS 



1^ (57) Abstract: A steel wire for a spring being produced through quenching and tempering and having a tempered martensite struc- 
ture, which is produced with a value of reduction of area of 40 % or more, and exhibits a shear yield stress of 1000 MPa or more 
\& after the heat treatment at 420 to 480°C for two hours or longer, wherein the steel wire preferably has a chemical composition, in 
ID mass %, that C: 0.50 to 0.75 %, Si: 1.80 to 2.70 %, Mn: 0.1 to 0.7 %, Cr: 0.70 to 1.50 %, Co: 0.02 to 1.00%, and the balance: Fe 
^ and impurities, or that C: 0.50 to 0.75 %, Si: 1.80 to 2.70 %, Mn: more than 0.7% and 1.5 % or less, Cr: 0.70 to 1.50 %, and the 
■ — ^ balance: Fe and impurities. 



(Dffliftf*. «yfli^4o%ja±75*y , 42o°cj^j:48o o cj^T^2H#p B ii^ 

7b<1000MPaltfilJl-efci)o Z<D$RW£s It%t\ C : 0.50 — 0.75%. Si : 1.80 — 2.70%. Mn : 0.1—0.7%. Cr : 0.70 
1.50%. Co : 0.02- 1.00% £^^|L. SIS^FeS. Zf^mWlfr t> & £ t (D . 4UM±fltI%"e* C : 0.50-0.75%. Si 
1.80 — 2.70%. Mn : 0.7fS — 1.5%. Cr : 0.70— 1.50% L . &%$tfFe&Zf^mtyfr CD tf#f3= [^l\ a 
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[0002] EmMfDl&m^klcMfo^X^ ^WiM<D^zy-J^Yy^^y^Biyt^<D 



P 

5^>3 >"J3 fifcwfci? CD fife A#£*b5J&^ jg£b< Jfeo T*3 1) , ffl V > ^3 fcf 



[0003] #fF3Cifcl : #f^H2842579^: 

#fF3Cifc2 : #HS2002-194496^£f& 
#ff ^Cm3 : #fF ^3045795^$R 

[0004] L£>U ^^(Dm^Wh^X^y^B^m \ttet£t*<D \t 

[0005] «^ «^S(^^PS)fB]-hcD^M^#V>, ^^PXLfcmMfe^M 

[0006] #w^i^i^fE«ccoS#f-e«, «<DC(^*)cO-^^-A^0.3-0.5m*%i!i-§^t 
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[ooio] t~x\ *mm<D3i @ fttt. ^^S^©tt^o^^i^tt6^5HS(D«^^ 

fz fife, &U*_hfE fifeffi MH^st icarb^Jitat^ifeSr^^r: £ teil>3„ 

[ooi i] fcjHMi&ra:, mAtimm^&(Dmm<Dmmt, ±.mmAnmm^& \z 

[0012] gp^, ^A^Mbt-i^^MW/^^-fhrn^Wi-S^^ffllH 

ITefeSo Mfifeffl£ftiU2, i|SE«Jfli[^40%J^_h-efc5, 420°CJ£A_L480 o CWT-e2B# 

F^w±(DBMa^^To/cm^iK^»^^i'f^J^^^noooMPa^x^fe^r^^ 
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[0013] XfBf;mffll»iy3, mz&T<Di~6<D\*?tiibw4k¥f&tt*ttZZkifi&)& 

1. RJk%-eC: 0.50— 0.75%, Si: 1.80— 2.70%, Mn:0.1— 0.7%, Cr:0.70— 1.50 

%, Co: 0.02— 1.00%^-a-^U ^MtfFeRXf^fm^ 

2. fi%t\ C:0.50— 0.75%, Si: 1.80— 2.70%, Mn:0.7®— 1.5%, Cr:0.70— 

3. ®M%-eC: 0.50— 0.75%, Si: 1.80— 2.70%, Mn:0.7®— 1.5%, Cr:0.70— 
1.50%i, Ni:0.1 — 1.0%^t) ? Co:0.02— 1.00%<D{p-?£<bh— ^CO^tmt^^l^ 

4. ®i%-eC: 0.50— 0.75%, Si: 1.80— 2.70%, Mn:0.1— 0.7%, Cr:0.70— 1.50 
%, Co: 0.02— 1.00%^, ®fi%-eV: 0.05— 0.50%, Mo: 0.05— 0.50%, W:0.05— 
0.15%, Nb: 0.05— 0.15%, RXfTi : 0.0 1—0.20% «£ «9^§5o(D^^^^igJR$^ 

5. ®*%-C, C:0.50— 0.75%, Si: 1.80— 2.70%, Mn:0.7®— 1.5%, Cr:0.70— 
1.50%£, @i%-eV: 0.05— 0.50%, Mo:0.05— 0.50%, W:0.05— 0.15%, Nb:0.05 
—0.15%, ^Tj?Ti:0.01— 0.20% i«9^§5o(D^^^^il^$tV§l®^_h(D^^ 

6. ®M%-eC: 0.50— 0.75%, Si: 1.80— 2.70%, Mn:0.7®— 1.5%, Cr:0.70— 
1.50%^, Ni:0.1 — 1.0%&7j?Co:0.02— 1.00%(D6KK£t>— JjCD^mt, SC*%~e 
V:0.05— 0.50%, Mo:0.05— 0.50%, W:0.05— 0.15%, Nb:0.05— 0.15%, RXfTi: 
0.01— 0.20%J:^^5o(Z)^^^^^^^l«J^-h^7n*^^-a-^'b, 

[0014] _hfE«0J!«feffllH^(DMit{-ilbfcMit^^^bT, ^T^^«o 

T^^^f*, 900— 1050°C-C60— 180#F^^PBi-§^-— ^^-fMbXe^, ffffB 
^^HbX@^^600— 750°C-C20- 100#^^PSi-^fE?U^||Xm^^ 



WO 2005/075695 



4 



PCT/JP2005/001703 



(A) ®fi%-CC: 0.50— 0.75%, Si: 1.80— 2.70%, Mn:0.1— 0.7%, Cr:0.70— 1.50 

%, Co: 0.02— 1.00%5r^TU &&&Fe&Xfi^HWfrbt£%fR& 

(B) MM%XC: 0.50— 0.75%, Si: 1.80— 2.70%, Mn:0.7M— 1.5%, Cr:0.70— 
1.50%^-^U afP^Fe^OT^^^/^^iPttt 

(C) ®S%-CC: 0.50— 0.75%, Si: 1.80— 2.70%, Mn:0.7®— 1.5%, Cr:0.70— 
1.50%^, Ni:0.1 — 1.0%,S.7j?Co:0.02- 1.00%<D^7^<^— ^(^Tn^^-a-^U 

_hfB(A)— (C)<D\^j&ftKMx.X , mWts M^, M:%-eV: 0.05—0.50%, Mo 
:0.05— 0.50%, W:0.05— 0.15%, Nb:0.05— 0.15%, $.Tj*Ti:0.01 — 0.20%£»9&35 

[0015] j^t, #3BW«rJ;?>f£iX!&^l-5„ 

oT, fc£;fefcj\ M0fW, ^V^M^W^-#«9MLi--<^9^^(M'l4^)^C, fife 
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, ±mmt®Mfj:l£(D$&%m$:n'otd& K fiteCHirA, iff mXfots & lOOOMPa^X 
tS % 1 OOOMPa U -t KMM1rZ> 0 

[0016] mmm 

£\ #3§Wf3\ *PMft©«£?)i[Sr40%£JL_ht!i^3e*t-5o JK«5#C^40%*«-e«, fite 

[0017] ^(D£?te#mm&temmw-z, Rxf^<Dmmzmfc%m^(D^%m 
[ooi8] ±m^^tm^t(DM^mfi^mmitummmRmt^n^<, r. 
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±.iat, Co: 0.02— l.00WML%&^^1rZ)fr^ ~£fcteMn&^&{Z.^mirZ>(OJM— 

[ooi9] <$m$kifr> 

[0020] {^T^^sf^kW) 

^mrnxn, wm^iim^^^x^mm^^T^^^n^tx, mum 

ZKfe, 900—1050°C<DU&X60—180^mM^i-^t^mi-^>o M^U^900 
°C3m<Dm&. ^/c^PB^it^900-1050r^Pf^t^^^60#*YS^^, + 

^^Ht^x^-r. ^mm^tmm^xv^o mmnm* 

1050°C£V) m^^Wra; *fc^P|^taS^900— lO5O o C-e*Pf^0#^^18O#,i:«9*V^ 

[0021] ^^M^^^fT^iilM^tm^S^, 600— 750°C-C20— 100#rWl^i- 

§^^^ig^ o ^Pf^?Uig^750 o CJ:«9rSV^^ N ^7i^PI^MS^600— 750°C-e*P 

o#att^pi^i-§sH^^^o — ^ m?m^6oo°c x<om 
[0022] mxtiA^mv) 
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x\ ^<DmB^<DMmK£vnbthtz.ftt2<D^m&&i&T£&%a tot, mxti 

[0023] <BM> 

[oo24] jy^as, ^—^T^y^Bmm^—^T^h^BWco^-m^Min^ 

3.0-7.0 vmb1rZZ.b&fr£LAt\ ¥^fi*fc€lf*. mUi^Miry<T^^<DU 

m&mk&ttZ.bxmt&ttZ.b&X^&o £»9PL<te:, ^T^^Km^X^r 
—xT^WkirZb^fDMm&i&KirZb. |£i&^tt/h$<fc«^ ^!&S^S<t5 
t^H%^#f*^c#<^ffifB]^^o ¥^Ib*&W3.o /z m7kiK-m, ar—XTr 

o 

[0025] £JtT, ^ISW^SSItS^TC^^SS&t/^^ffl^lS^saftSrafi^o * 

[0026] C: 0.50— 0.75 

^©-g^ffittu 0.50«*%^_h0.75a*%^T^i-§o 
[0027] Si: 1.80—2.70 
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^r*te, i.8o«*%^_h2.7ow*%^r^-r^o 

[0028] Mn: 0.1 — 1.5 

&V>*§^\ 0.7jg— 1.5fCfir%£LT. Mn^&^Wi-S^i/W^U^o Mn£r##> 
[0029] Cr: 0.70—1.50 

CrfeMcomAfriVk&fa^its mtrnji^Mts^tttb , fl&dJPXfL filter 

Cr(D^#*^ipi^^^bT0.70®*%*li^§^#:^P^ih^+^^*^# 
fbtV^fcfe, Cr<D-^^i«0.70®M%^_h^b, 1.50fCA%£M;L3^ 

fi N 0.70— 1.50% ^^i-§ 0 
[0030] Co: 0.02—1.00 

o Cote, »l^tt^^±^S^j^:^fe«9 N tf^DItry^- £W^^t;#L 
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£5 ^n^Wi^O.l— 0.7ft A%M£#5 fcb-Ofc <fcV \ 
[0031] Ni:0.1— 1.0 

tf5#£>*i/£V\, ^(DtzJsb, Ni^WSte, 0.lW*%W±1.0«*%^Ti:-r5o 

[0032] Mo, V: 0.05— 0.50 
W N Nb: 0.05— 0.15 

^Utfl^miJU^^mWh^o Mo©^f^ N V(D^-^* N W(D^-^* N Nb(D-g-^ 

*^^^^^^^-b-co.o5®s%*-M'e^-hfBa)^:^#^^<v \ 

Mo(D-g-#i^o.50ai%^ffix.§^^, V<D^^:i;;^0.50|C:i;%^g;t3^'£\ W 
tf>^*^0.15fC*%£®^3#1^\ Nb(D^*^0.15®*%^®X.§#^tt, 

[0033] Ti: 0.01— 0.20 

-a-^-*^ 0 .01«*%*?i-e«_h?Ba^:^#^*r, Ti(D^*^o.20»*%®-e 
£i^V\ iot, Ti(D^"#fi« N 0.01®i%^_h0.20®i%^T^-r^o 

[0034] ^mm^mmm^mmM^mm^^^^m^mmmmm^ vm 
[0035] ^w^fef*, ±mttemmm^4v>?yj:b*(DitteMj:&Mir^bicxn%^ 
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[0036] ^mmcommmmmm^o 

[0037] [^1] 



T)\ 




€*%) 


c 


Si 


Mn 


Cr 


Co 


Ni 




A 


0. 45 


2. 2 


0. 5 


0. 9 


0. 3 






B 


0. 78 


2.0 


0. 6 


0.-8 








C 


0. 68 


1.6 


0. 5 


1.0 








D 


0. 63 


2. 8 


0. 6 


0. 9 








E 


0. 61 


2. 2 


1.7 


1.0 




0. 3 




F 


0. 60 


2. 2 


0. 6 


0. 5 








G 


0. 64 


2. 3 


0. 5 


1.7 








H 


0. 62 


2. 1 


0. 5 


1.1 








I 


0. 64 


2. 2 


0. 6 


1.2 






V : 0. 6 


J 


0. 63 


2. 1 


0. 5 


1. 1 






Ti : 0. 3 


K 


0. 55 


2. 4 


0. 5 


1.3 


0. 2 






L 


0. 72 


2. 3 


0. 55 


1.2 


0. 5 






M 


0. 63 


1.9 


1.2 


1.4 




0.3 




N 


0. 62 


2. 5 


0. 2 


0. 9 


0. 3 






0 


0. 64 


2. 3 


0. 8 


1. 1 


0. 4 






P 


0. 65 


2. 2 


0. 9 


0. 9 


0. 3 


0. 5 




Q 


0. 65 


2. 0 


0.4 


1.0 


0. 3 




V : 0. 15 


R 


0. 60 


2. 3 


1.0 


0. 8 






Mo : 0. 20 


S 


0. 63 


2. 1 


0. 9 


1. 1 


0.4 


0.3 


Ti : 0. 10 



[0038] \M2\ 
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rr 


Mb 


test! 


CO 


(sec) 


CC) 


(sec) 


i 


920 


120 


630 


80 


n 


980 


60 


700 


30 


m 


880 


120 


650 


50 


IV 


950 


190 


650 


50 


V 


950 


50 


650 


50 


VI 


1070 


60 


650 


50 


VI 


920 


120 


580 


50 


m 


920 


120 


650 


15 


IX 


920 


120 


650 


120 


X 


920 


120 


780 


50 



[0039] nhfltt9^{ <f> 3.0mm) ^SlAtL^MU^ifeLfCo $$A*tte\ ^tZK^ir^rK 

jis G0522[c j m^htix\^mwrm^x f owta^fc 0 
[oo4o] mAnmmiM, z<Dv^\z&fc&m\ztt^irzi&mm(.42ox: x 2B#ra, 

£fcte480°C x2i^ra)SrlfiLfc«j|ftJ!:ov^, itr^&f^;ft&T«##t^# 

«\ -^^/v-S$iood(d:-y-^/ni:^)-e^[iif^^^fv\ Y;v^-e \&mfrh>k£> 

[0041] [J|3] 
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.1 r 

7° ft 


ft 

i i 


'MAS If 
CC) 


1 ( T-IL lit 

( ii m) 


RA 

{%) 


l_ / V w\ Y*r VKW / J 

420^ X 2hr 


480 £ Cx2hr 


(MP a) 

V.1T11 11/ 


1 

J. 


A 

1 X 


I 

X_ 


920 

\J 14 KJ 


4 5 


45 


985 

tJ 1.7 U 


892 

KJ O U 


71 5 

1 1 cl 


2 


B 


n 

-LA 


930 

vJ t_f \J 


4 8 


35 

cl 


955 

J 1/ u 


864 


1 V/ cl 


3 


c 


T 

JL 


920 

J LI U 


4 3 


48 


938 

•J U (J 


821 


7^0 


4 


D 

x_/ 


T 

X 


950 

\J KJ Cl 


5 4 


37 


941 


823 

O Li O 


735 


5 


E 

xj 


n 














6 


f 


n 


940 

\J X KJ 


5 0 

Cl • Cl 


42 


923 


81 5 


7?n 


7 


G 


n 














8 


H 


i 


930 

1/ u u 


4 4 

r . x 


45 


921 

U Li V 


81 0 

Ol u 


1 no 


9 


H 


I 

X 


850 

u u u 


2 8 

U • (J 


31 

U 1 


928 

<j ti u 


81 R 

Old 


71 5 

1 1 u 


10 


H 

XX 


I 


1050 

a c/ ci ci 


8 9 

Cl ♦ kJ 


50 


925 

*J tl KJ 


81 0 

O 1 u 


71 0 

1 1 w 


11 

X 1 


I 

X 


n 


920 

J LI U 


3 8 

Cl • CJ 


29 

Zj C 


925 

O U KJ 


835 


U a cl 


12 


J 


i 

X. 


910 


3 5 

KJ • Cl 


41 

x i 


930 

CI KJ 


830 

KJ U \J 


705 


13 

X 1/ 


K 

X \ 


I 

X 


930 

u U V/ 


4 3 


46 


1098 

1 W *J KJ 


1 021 


850 


14 


L 


n 

IX 


910 

\J x v/ 


3 2 


43 

T Cl 


1 130 

1 1 CI CI 


1 043 


865 

KJ KJ U 


15 


M 


n 


940 


5. 2 


48 


1178 


1098 


875 


16 


N 


i 


1020 


6. 5 


44 


1084 


1015 


855 


17 


0 


i 


980 


6. 2 


45 


1195 


1078 


875 


18 


P 


n 


950 


5. 2 


48 


1168 


1054 


880 


19 


Q 


n 


930 


3. 5 


45 


1121 


1038 


865 


20 


R 


i 


920 


3.4 


47 


1154 


1069 


870 


21 


S 


i 


940 


4.4 


46 


1211 


1113 


895 



[0042] m^K^irx^ m v )MRAW4o%u±, m^MK^ir^mm^^rAym 

^^^i000MPaJ^_h-efc^^SfNo.l3— 21 Wf tVkMftm&MX' ^ 

[0043] ^tU^U fWNo.1-4, 6, 8tt. &4ktemteft^Zf&mm&(D-&/\jWrf&iK)& 
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[0044] ^No.9fi, mfcm&^/vm&tfijfcjj&iSb^K, ^^bw^mm^r 
no.io^, m<fam&(D^A;m&{kf>b.±i&m^-t^ ^^y^Mimm^r— * 

[0045] ^KDi^-^°/VK(D^#j^^Wi" ; 5iB#^OV ^T, iifB^llMSI^ 0 6.5mm<D$|M 
940°C, J^ML:450-530 o C\ #^7 > c!7^(D^«9fe(RA)^:tK^-— ^^h^^ B 

o 

[0046] [MA\ 



No. 


t> 
7° ft 


ft 


03) 


¥9 r 
(/in) 


RA 

(%) 


420 < Cx2hr 


480t:x2hr 


mm 

(MP a) 


22 


K 


I 


940 


4. 5 


45 


1098 


1021 


865 


23 


K 


n 


940 


4. 5 


46 


1083 


1015 


860 


24 


K 


m 


940 


4.4 


37 


930 


824 


730 


25 


K 


IV 














26 


K 


V 


940 


4. 3 


36 


934 


829 


728 


27 


K 


VI 














28 


K 


vn 














29 


K 


w 














30 


K 


K 


940 


4. 6 


35 


932 


823 


731 


31 


K 


X 


940 


4. 7 


36 


925 


815 


734 



[0047] mMZmir£y\^ WM$kM$— ^^-TMb:900— 1050 o C-C60— 180#ffi, UU 
^S:600— 750^^20— 100#^)-C/^^^^to/"c^)P4No.22, 23f*V^i*tt 

[0048] ^tU^U f£M-No.25, 27— 29fc£V>T frlh, ^TzS^\ZMUBM^ 



WO 2005/075695 



14 



PCT/JP2005/001703 



[0049] ^umnmfe, m^^Rximm^mti^t^h. mm&mtm^ti 



WO 2005/075695 



15 



PCT/JP2005/001703 



m^mm 



en 



[2] 



[3] 



[4] 



[5] 



[6] 



420°C £k _h480°C ^ -pC2 B# 59 W iKDff&MS^fT o 7t Wi <DmM<V^: A/ Hr PWJ£^J 

iillj:, ®*%^5\ C:0.50— 0.75%, Si: 1.80— 2.70%, Mn:0.1— 0.7%, Cr:0.70— 
1.50%, Co:0.02— 1.00%«r£^TU a§P^Fe^OT^d^^r^^#^^i-§ 
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®*%-CNi : 0.1 — 1.0%R TfCo: 0.02— 1.00%(D^/K^— ^Tn^^^^U 

a^^ Fe ^OTM^^^^^^^#^^^#1t^i-Sf*^^«BH^i«^fBa 

®i%-C, C:0.50— 0.75%, Si: 1.80— 2.70%, Mn:0.1 — 0.7%, Cr:0.70— 1.50% 
, Co:0.02— 1.00%£, 

11%-eV: 0.05— 0.50%, Mo: 0.05— 0.50%, W:0.05— 0.15%, Nb:0.05— 0.15 
%, ^.t/Ti:0.01— 0.20%XK)^5^(D^m^^hm^tl^lM^l±CO^mt^ 

IH^f*, M:%-e, C:0.50— 0.75%, Si: 1.80— 2.70%, Mn:0.7®— 1.5%, Cr: 
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Kft%"CV: 0.05— 0.50%, Mo: 0.05— 0.50%, W:0.05— 0.15%, Nb:0.05— 0.15 
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